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Abstract: The interplay between growth and public debt is addressed considering a
Barro-type [1] endogenous growth model where public spending is financed through tazes
on income and public debt. Debt is assumed to be a fixed proportion of GDP which is
used as a policy parameter by the government. We first show that when debt is a large
enough proportion of GDP, two distinct BGPs may co-exist, one being indeterminate.
Therefore, local and global indeterminacy may arise and self-fulfilling expectations appear
as a crucial ingredient to understand the impact of debt on growth and on macroeconomic
fluctuations. We then exhibit two types of important trade-off associated with self-fulfilling
expectations. First, we show that the lowest BGP 1is always decreasing with respect to the
ratio of debt/GDP while the highest one is increasing. As a result, depending on the BGP
selected by agents’ expectations, the relationship between debt and growth is not always
negative. Second, we show that the highest BGP, which provides the highest welfare, is
always locally indeterminate while the lowest is always locally determinate. Therefore,
depending on the expectations of agents, when debt is increasing, large fluctuations asso-

ciated to self-fulfilling believes may occur and be associated at the same time with welfare
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losses if there is a coordination on the low steady-state. Finally, a simple calibration ex-

ercise allows to provide an understanding of the recent experiences of many OECD countries.
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1 Introduction

The last financial crisis has shed the light on the problem of large public debt
in developed countries, in particular in Europe. Actually, in many advanced
countries, debt levels have increased dramatically during the two last decades.
The control of the growth rate of public spendings has become a major concern
for economists and policy-makers while public deficits are reaching extremely
high amounts. Indeed, a heavily indebted country may appear as fragile, for
many reasons, among which solvency, or simply because it is unlikely to raise
sufficient funds to deal with a large negative shock on its economy.

The Maastricht treaty introduced a rule on the maximal amount a country
may contract, limiting the debt to 60% of GDP, but over the last decade this
limit has been exceeded by almost all European countries. Most advanced
countries, not only European ones, are now characterized by large amounts of
public debt, low growth rates and large fluctuations of GDP. Given this fact,
two types of questions become central:

1. What is the relationship between the level of debt and growth?

2. What is the relationship between macroeconomic stability and debt
level?

Whereas the literature has focused recently on the first question, mainly
through empirical analyses, little attention has been paid to the second.

This paper proposes to fill this gap and to study the relationships between
debt, level of growth and macroeconomic fluctuations in the simple frame-
work of a Barro-type [1] endogenous growth model. Our aim is precisely to
discuss the effect of public debt on the endogenous growth rate and on the
fluctuations of this growth rate. We focus on government intervention as a
source of macroeconomic fluctuations when government spending is financed
through taxes on income and public debt. Public spending is useful because it
improves households’ utility of consumption and production as externalities.
In order to focus on the recent public policies, we assume that debt is a fixed
proportion of GDP and that this proportion is used as a policy parameter by
the government.

The size of public debt as a proportion of GDP and its impact on growth

has been widely discussed and debated from an empirical point of view over



the recent years. The well-known paper of Reinhart and Rogoff [22] shows
that a gross public debt exceeding 90% of nominal GDP on a sustained basis
may have a significant negative impact on the growth rate.! While subject
to a recent controversy,? this type of result has led the IMF after the starting
of the global financial crisis to strongly advise European countries to decrease
their debt. The main objective was to boost growth but also to stabilize the
economies. However, the recent empirical literature shows that the conclusions
are not so clear-cut. While some recent contributions find evidences for a
negative relationship between average debt-to-GDP ratios and long-run growth
performance (Woo and Kumar [27]), others find several thresholds for the debt-
to-GDP ratio and the size of the impact on growth may be small (Baum et al.
[2]). More generally, the relationship between debt and growth appears to be
based on complex non-linear effects and to be heterogeneous across countries.?
In particular, Minea and Parent [13] show that for debt-to-GDP ratios above
115%, the correlation between growth and debt becomes positive.

The impact of debt on the stability of economies has also been discussed.
For instance, Sutherland et al. [25] argue that the level of government debt
has a significative impact on business cycle characteristics. They identify the
characteristics of a “low debt” business cycle and a “high debt” business cycle
aggregating the countries according to their level of debt. In countries with
high debt, the cycle is more pronounced, with phases of expansions longer and
larger and recessions also more pronounced. Such differences usually rely on
the “vulnerability” of high public debt economies. Government then have less
latitude to run the appropriate fiscal policy in case of negative shocks. As
explained in Panizza and Presbitero [20], beside all these empirical studies, a
precise theoretical analysis of the existence of non-monotonicity or threshold
effects in the relationship between public debt, economic growth and aggregate

fluctuations is not yet available in the literature. Our paper provides a first step

!See also Reinhart et al. [21] and [23].

2Herndon et al. [12] have indeed identified a mistake in the methodology of Reinhart and
Rogoff [22]. They show that when properly calculated, the average real GDP growth rate
for countries carrying a public-debt-to-GDP ratio of over 90% is significantly larger than
the level evaluated by Reinhart and Rogoff.

3See for instance Eberhart and Presbitero [7] and the survey of Panizza and Presbitero
[20].



in that direction focusing on the role of global indeterminacy and self-fulfilling
expectations.

While not directly concerned with the impact of debt on growth and
macroeconomic instability, Collard et al. [4]-[5] provide an interesting fo-
cus with respect to our research agenda. They analyse the determinants of
government debt under the twin assumptions that governments have limited
horizons and default only when government income falls short of debt service
requirements. They derive a government’s maximum sustainable debt ratio,
that strongly varies across countries. The difference between actual and max-
imum sustainable debt ratios then creates a “margin of safety” that allows
governments to increase debt if necessary with little corresponding increase in
default risk. In light of these results, when we focus on the recent experiences
of Spain and Italy who have faced increasing interest rates generated by spec-
ulative attacks against their sovereign debt, we clearly see that an objective
“margin of safety”, based on countries’ fundamentals, may not be enough to
prevent a large increase of the perceived default risk by investors. This remark
suggests a potential for expectation-driven effects. This is precisely the main
focus of our paper.

Our framework allows to contribute to these different debates, i.e. the in-
terplay between the ratio of debt over GDP and both growth and expectation-
driven macroeconomic fluctuations. On the one hand, uniqueness of the bal-
anced growth path (BGP) is obtained in two different circumstances: (i) when
the tax rate is weak and debt is a small proportion of GDP, or (ii) when the
tax rate is strong and debt is a large proportion of GDP. In case (i), the long-
run growth rate is decreasing in the share of debt as a proportion of GDP,*
while it is increasing in case (i7). There is also a difference in terms of the local
stability properties of the BGP. In case (i), the BGP can be locally determi-
nate or indeterminate depending on the level of debt. There exists indeed a
critical level below which local determinacy arises and expectations do not af-
fect the dynamics. On the contrary, if the ratio of debt-to-GDP is larger than
this level, the BGP becomes locally indeterminate leading to the existence of

expectation-driven fluctuations. Under a sufficiently large level of debt, expec-

4When uniqueness of BGP holds, this is a standard result. See for instance Saint-Paul
[24].



tations on future growth rates are self-fulfilling. In case (i7), this mechanism
is amplified and local indeterminacy of BGP always holds.

On the other hand, when the fiscal pressure is strong enough and the share
of debt as proportion of GDP admits intermediary but sufficiently large val-
ues, two distinct BGPs may co-exist. Global indeterminacy may arise and
self-fulfilling expectations appear as a crucial ingredient to understand the
impact of debt on growth. We also exhibit two types of important trade-off
associated with self-fulfilling expectations. First, we show that the lowest BGP
is always decreasing in the ratio of debt over GDP, while the highest one is
increasing. As suggested by the recent literature on non-linear relationships
between debt and growth, depending on the BGP selected by agents’ expec-
tations, the relationship between debt and growth is not necessarily negative.
This result contributes to the debate suggested by Panizza and Presbitero [20]
and may in particular match the conclusion of Minea and Parent [13].

Second, we clearly exhibit a trade-off between welfare and macroeconomic
fluctuations: with a large enough debt-to-GDP ratio, the highest BGP, which
provides the highest welfare, is always locally indeterminate while the lowest
is always locally determinate. Our results then show non-trivial effects of debt
on growth and macroeconomic fluctuations. Depending on the expectations of
agents, when debt is increasing large, fluctuations associated to self-fulfilling
believes may occur and be associated at the same time with welfare losses
if there is a coordination on the low steady-state. These results clearly show
that, above a threshold, the size of debt has a dramatic impact on the dynamic
properties of equilibria.

We also discuss the implications of our conclusions for the main OECD
countries considering numerical illustrations based on realistic calibrations for
the size of debt, the growth rate and the main fundamentals. We show that
the OECD countries can be splited into two subsets: a first one with coun-
tries characterized by global indeterminacy and two long run growth rates, the
lowest being associated to a strong recession, and a second one with countries
characterized by a unique long run growth rate which is locally indetermi-
nate. In particular, except Greece and Portugal who are in the second set, all
European countries belong to the first set and may be all subject to strong

macroeconomic fluctuations based on pessimistic expectations. Our analysis



then provides a basis for understanding the recent experiences of many OECD
countries relating macroeconomic instability to self-fulfilling expectations.
The rest of the paper is organized as follows. In the next Section, we present
the model and define the intertemporal equilibrium. In Section 3, we discuss
the effect of debt in the long run analyzing the existence and multiplicity of
steady-states, comparative statics and welfare. Section 4 provides an analysis
of the effect of debt in the short run focusing on sunspot fluctuations and
global indeterminacy. Section 5 presents numerical illustrations based on the
main OECD countries. Section 6 concludes the paper and a final Appendix

contains all the proofs.

1.1 Related literature

As explained previously, there are few theoretical contributions that study the
link between debt, growth and fluctuations in endogenous growth models. On
the one hand, Futagami et al. [8] consider a government which focuses on a
target for its policy based on the level of debt to the size of the economy, namely
the capital stock. They show that multiple BGPs may arise together with
local indeterminacy and expectation-driven fluctuations.® However, Minea and
Villieu [15] prove that these conclusions are not robust to the consideration of
a debt-to-GDP target for the government. They show indeed that in this case,
there exists a unique BGP which is locally determinate. In light of our results,
there conclusion seems to be quite sensitive to the specification of consumers’
preferences. On the other hand, Greiner and Semmler [9, 10| examine how
government’s financing method affects economies. They show that the link
between public deficit and long run growth is not clear cut. However, they do
not particularly focus on the impact of the ratio of debt-to-GDP.

Our paper can also be seen as an extension of models with public spending
but without public debt, like Cazzavillan [3]. He shows that a strong pub-
lic good externality in preferences, such that utility has increasing returns,

is required to have indeterminacy and endogenous fluctuations. We assume

®Minea and Villieu [14] prove the possible existence of multiple BGPs and a form of
global (but not local) indeterminacy considering instead a deficit-to-GDP target for the

government.



instead that the utility function is characterized by a small public good ex-
ternality and, thus, decreasing returns. This confirms that the main channel
through which self-fulfilling expectations arise in our framework is the level of
debt over GDP.

Finally, note that, in two recent papers, we have already studied the con-
sequences of the constant level of debt over GDP on macroeconomic stability,
but without endogenous growth. In Nishimura et al. [18], we consider a
stationary Ramsey economy with heterogeneous agents and without a public
good externality in production. We assume that the tax rate is constant while
public spending is endogenously adjusted. We show that public debt can be
destabilizing or stabilizing, i.e. generating or ruling out damped or persis-
tent macroeconomic fluctuations (period-two cycles), depending on whether
the public spending externality and the elasticity of capital labor substitution
are low or large. However, indeterminacy can never occur. In Nishimura et
al. [19], we also consider a stationary Ramsey economy but with homogeneous
agents and without any externality in the fundamentals. We assume instead
a constant public spending and thus, through the budget constraint of the
government, an endogenous adjustment of the tax rate. We then show that a
large enough debt can be destabilizing through the occurrence of self-fulfilling

expectations and sunspot-driven fluctuations.

2 The model

We consider a discrete time economy (¢ = 0,1,...,00), with three types of
agents, a constant population of identical infinitely lived households, a large

number of identical competitive firms and a government.

2.1 Households

Each consumer is endowed with one unit of labor and an initial stock of private
physical capital which depreciates at a constant rate 6 € (0,1). We assume
that the total population is normalized to one. The representative agent has
separable preferences over time which depend on consumption ¢; and public

spending G that is assumed to act as an externality on utility for consumption.



To be consistent with endogenous growth, we assume that the intertemporal

utility function is given by

+o00 C%ie
t n 1

with # € (0,1) the discount factor, § € (0,1) the inverse of the elasticity of
intertemporal substitution in consumption (EIS), and n > 0 the size of the
public good externality such that 1 > 6 — 7 > 0. These restrictions allow
to consider low enough public spending externalities in utility and some EIS
larger than one. Indeed, the most recent estimates by Gruber [11] (see also
Mulligan [16], Vissing-Jorgensen and Attanasio [26]) exhibit values around 2.
This also means that the degree of homogeneity of the instantaneous utility
function 1 — 6 + 7 is lower than one, i.e. we do not allow increasing returns
due to public spending externalities.

The representative household derives income from wage, capital and gov-
ernment bonds that allow to finance public debt. Denote r; the real interest
rate on physical capital, 7, the interest rate on government bonds and w; the
real wage. The representative household pays taxes on labor income, cap-
ital income and on the remuneration of bonds’ holding, at a constant rate

7 € (0,1). He then maximizes (1) facing the budget constraint:
Ct + kft+1 + bt+1 = (1 — T)[Ttkft + wt] + [1 + (]_ — T)ft] bt + (1 — 5)kt (2)

Utility maximization gives:
0 -
(th—:l> (Gé—f) = BRu =L+ (1—7)r] (3)

with the gross interest rate R; 11 = (1 — 7)ryyq + 1 — 0 and the transversality

conditions

lim B Gl =0 and  lim Bl ’Glbyy = 0 (4)

t——+4o00 t——+4o00
Obviously, we get at the equilibrium the equality Ry 1 = [1 + (1 — 7)711] since
physical capital k;;; and government bonds b, are perfectly substitutable

saving assets.

2.2 Firms

A representative firm produces the final good g, using a Cobb-Douglas tech-

nology with constant returns at the private level but which is also affected by



a public good externality, y; = Ak{(L:G;)' ™%, where s € (0,1/2) is the share of
capital income in GDP and A > 0 is a productivity parameter. As population
is normalized to one, L; = 1, we get a standard Barro-type [1] formulation

such that y, = Ak!G}~*. Profit maximization then gives:

ry = As <%)ls and  w; = A(1 — s)ky <%)ls (5)

2.3 Government

Public spending G, is financed by total income taxation and debt, through the

following budget constraint:
Gt —+ (1 —+ ft)bt = T(Ttkt —+ Wt —+ ftbt) -+ bt+1 (6)

where 7 € (0,1) is the constant proportional tax rate on households’ total
income. Total public expenditure is the sum of public spendings G; and the
reimbursement of debt contracted the previous period (1 + 7)b;, and by, is
the new issue of debt.

In accordance with sustainability constraints like the one imposed by the
Maastricht treaty, we assume that debt cannot exceed a fixed proportion of
GDP, namely b, < ag;. In this paper, we consider equilibria with positive
debt. Along a balanced growth path with positive debt, both b, and ¥y, grow
at the same rate. Accordingly, we will focus in the following on equilibria with
b; = ay; along which a can be interpreted as a policy parameter under the
control of the government (see de la Croix and Michel [6]). The limit case

without debt is of course obtained when o = 0.

2.4 Intertemporal equilibrium
Let us consider equations (2), (3), (5) and (6) with b; = ay,. Using (5) and
(6), equation (2) becomes:

e+ ki1 G =y + (1= 0)ky (7)
Let us also denote z; = Gy/ky, dy = ¢;/ky, and v = kyi1/k; the growth factor.
We derive y, = Ak,z;~*. Therefore, equations (3), (6) and (7) can be written

as follows:

%9%*’76_"_ Al—s 5
d, Vi = 6[(1_7) 5$t+1+1_ ] (8)

Ty



ze+ aAr; 0 [(L—7)Asz ™ +1-6] = 1Az~ + adz; v (9)
dt—i—”yt—i—xt = A.Tiis—Fl—(s (10)

From (10) we derive some expressions for d; and d;y1. Substituting these
expressions into (8) allows finally to define an intertemporal equilibrium as a
pair {x;, v} t>0 solution of the following system of two difference equations:

1— _
(1-7)Aszl 3 4+1-6 o A0

6$?+1A1—5 1-6 T (At 1—6— "
[ Ty —Teg1+1— —%+1] [ ry T—xtl- —%] (11)

an;f% =2, — TAT;° + aAx;* [(1 — T)Asxi_s +1-— 5]

and the transversality conditions (4) with kg given. Note that there is no
predetermined variable in this dynamical system. Indeed, 7y depends on kq,
and from (9), o depends on z;. This means that z; and -, are both forward
variables. Note also that the initial consumption ¢y has to be chosen in ac-
cordance with any initial choice of vy and x( since, using (10), ¢ is given by
co = ko [A:Ué’s —xo+ (1—=90)— fyo}.

Note finally that when there is no debt, i.e. a = 0, the second equation of
the system (11) leads to a constant value for x and the dynamical system be-
comes one-dimensional with a difference equation characterizing the dynamics

of the growth factor ;.

3 Effect of debt in the long run: Steady-states,

comparative statics and welfare

A (non trivial) steady-state equilibrium corresponds to a stationary sequence
{@y, 1} = {a*,7*} € R%, for all ¢ which satisfies the system (11). The sta-
tionary value of the growth factor v* allows to define a balanced-growth path
(BGP) along which all the variables ¢;, k; and G; grow at the common constant
rate g* =" — 1.

Along a steady-state equilibrium, the first equation of system (11) gives:
1
_ (APn=Ba=8) \ 1= 12
2() = (Yris) (12)

60f course, there is usually an initial condition on public debt. One way to conciliate it

with the fiscal rule by = ay; and the government budget (6) from ¢ = 0 is to consider an
initial condition b_y > 0 satisfying G_1 +b_1(1 +7_1) = 7(y—1 +T-1b_1) + ayo.



Because we introduce endogenous growth explained by productive public
spendings (Barro [1]), this equation establishes a positive link between G/k
and the growth factor 7. Indeed, a larger level of public spendings per unit of
capital means a larger interest rate, that fosters growth. Substituting this ex-
pression into the second equation implies that v* is a solution of the following
equation:

Ay) = Q(y) (13)
with .

Aly) =4 <776[;2;({f9;)5)> =y oﬂeT_n, and Q(v) =7 + ay (14)
Obviously, the expression of z(v) implies that any admissible solution must
satisfy v > [B(1 — 5)]ﬁ = 7Yins. This means that any BGP is characterized
by strictly positive ratios of public spendings over capital and interest rate
r = sAx'~%. Moreover, as along a BGP all the variables ¢;, k; and G, grow at
the common constant rate, the transversality conditions (4) evaluated along
such a BGP hold if v < B@——’lv—l = Youps With Vsup > 7Viny. Note that the
condition v < 7, is also equivalent to v/~7/8 = R > ~ which means that the
interest factor is larger than the growth factor.

In the following, we restrict our attention to tax rates that are not unreal-

istically large:
Assumption 1. 7 <1 —s.

Since we assume that s < 1/2, this assumption is always fulfilled for tax
rates lower or equal than one half. According to our numerical illustration (see
Table 1 in Section 5), this corresponds to the empirical evidence found at least
in OECD countries.

Any equilibrium v € (Yins, Vsup) has also to satisfy d(y) = Az'* —2z+1—
0 —~ > 0. This inequality is ensured by the following Lemma:

Lemma 1. Under Assumption 1, there exists A >0 such that if A > A\, we
have d(v) > 0 for all v € (Yinf, Ysup)-

Proof. See Appendix 7.1.

Based on this Lemma, the existence and the number of stationary solutions
such that v € (Yins, Vsup) are derived using only equation (13). As a benchmark

case, we start by considering the configuration without debt:

10



Proposition 1. Under Assumption 1, let A > A and o = 0. Then there
exists 7 € (0,1 — s) such that there is a unique steady-state v* € (Vinf, Vsup) if
and only if T € (0,7).

Proof. See Appendix 7.2.

This case corresponds to the Barro [1] model. Let us rewrite the budget

constraint of the government (9) evaluated at the steady state as follows:
%—i—OzR:T—l—ozfy & Lt+aR=7+ay (15)

with R = (1—-7)sAz'*+1—4§. We also get the following equivalent expression

for the capital accumulation equation (10):
d+vy—1+6= Az [1- %] (16)
When a = 0, we then get z = (A7)Y* and d+~v — (1 —6) = AYs70=9/5(1 — 7).

As it is well-known, a larger tax rate has two effects. On the one hand, it
reduces the disposable income, meaning that there are less incentives to invest.
On the other hand, it raises the tax base. Under Assumption 1, the second
effect dominates. As a result, if 7 is large, i.e. close to the labor share 1—s, the
tax revenue and thus the expression 7(!7*/(1 — 7) are too large,” and there is
no balanced budget satisfying positive consumption and/or the transversality
condition. On the contrary, when the tax rate is low enough, i.e. lower than 7,
uniqueness of the steady state comes from the fact that in the Barro [1] model,
there is a positive link between G /k or G/y and ~ because public spendings
are productive. If 7 is low, the ratio G/y is quite close to 0, and there is an
excess of the tax revenue, while if 7y is large enough, there is a surplus of public
spendings. The budget is then balanced between these two configurations and
the associated consumption is positive.

When « > 0, the uniqueness of the steady-state is not always ensured or
may occur under different fiscal pressures. The results are summarized in the

following Proposition:

Proposition 2. Under Assumption 1, let A > A and o > 0. Then there exist
7€(0,1—=5),a>a>0 and Oc (0,1) such that the following results hold:

"Note indeed that 7(1=%)/%(1 — 7) is maximized when 7 =1 — s.

11



1. There is a unique steady-state v* € (Yins, Vsup) if one of the following
conditions is satisfied:
(a) a <& and T € (0,7);
(b)a>a and T € (7,1 — s5);
2. There are two steady-states 77,75 € (YVing, Vsup), With 75 < 73, if a €
(a,a), 7€ (7,1 —5) and 8 —n € (0,0).

Proof. See Appendix 7.3.

The existence of a steady-state is obtained in two different configurations:
i) when the share of debt over GDP and the tax rate are both low enough,
or ii) when they are both large enough. There is therefore a form of positive
relationship between debt and tax for the existence of endogenous growth. If
the tax rate is large enough, there may also exist two admissible steady-states
as long as the share a of public debt over GDP takes intermediate values
and the utility function is close enough to a linear one (# — n weak enough).
Contrary to the conclusions of Minea and Villieu [15], we show here that
considering the debt-to-GDP ratio as a policy instrument does not necessarily
preclude the existence of multiple BGPs. Note however that if we assume as
in Minea and Villieu [15] that § = 1 and n = 0, then multiplicity is ruled out.

Recall that the transversality condition is equivalent to R = ~/=7/3 > ~.
The interpretation of uniqueness of the steady state when both 7 and « are
low enough (Case 1 (a) of Proposition 2) is quite similar to the case without
debt, after Proposition 1. The main difference with the case o = 0 is that now
taxation is also used to finance the difference between debt reimbursement R;b;
and new debt emission b;,1 which becomes (R — )b at the steady-state, but
this is not a dominant effect since debt b = ay is low.

In Case 1 (b) of Proposition 2, we still have uniqueness of the steady state,

but the story is different. Let us rewite equation (15) as follows
aR—y)+4% =7 (17)
The difference between debt reimbursement and debt emission is measured by
R —~ > 0. When 7 is close to its upper bound, this difference is close to zero.
Since the tax rate is close to 1 — s, there is an excess of tax revenue and debt

emission with respect to public spendings and reimbursement of debt leading

to a(R — )+ 2°/A < 7. On the contrary, when ~ is close to its lower bound,

12



the debt reimbursement R — v is quite large. Despite the fact that public
spendings are lower, there is a surplus of spending and debt reimbursement
implying a(R—~)+x°/A > 7. Uniqueness of the steady-state is then ensured.

The coexistence of two steady states (Case 2 of Proposition 2) is explained
by the same story except that now the size of debt is lower as a € (a, ).
When v increases from 7, s to sy, public spendings raise while the difference
between debt reimbursement and debt emission reduces. In other words, these
two effects go in opposite directions following a raise of 7. Since the ratio of
debt-to-GDP has intermediate values and the tax rate is large enough, there is
an excess of funds to finance public spendings and debt reimbursement when
the growth factor is either close to 7;, ( public spending over GDP low enough)
or close to sy, (difference between debt reimbursement and debt emission low
enough). In both cases, we then have a(R — v) + 2°/A > 7 and multiple
steady-states may arise.

The following Figure summarizes the conclusions of Proposition 2:
a

1—s T

>

o 2 ©
T
)
=
\.*
*

Figure 1: Uniqueness and multiplicity of steady-states.

In the following Corollary, we examine how the different types of steady-
states vary according to variations of the debt-output ratio. However, dis-
cussing the impact of a policy parameter on the growth factor is not enough
in an optimal intertemporal dynamic model. We need also to focus on the
welfare that can be easily computed along the long-run balanced growth path
characterized by the stationary values of the growth factor 7, consumption d

and government spending x. We have indeed

klf(G*n) d 1791. n
W) =" 1(_7;71—(9(3) (18)

We get the following result:

Corollary 1. Under Assumption 1, let A > Aand o > 0. The following
results hold:
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1. Ifa<aand 1€ (0,7), dy*/da < 0;

2. Ifa>aand T € (7,1 —3s), dy*/da > 0;

3. Ifa € (aa), e (7,1 —5) and 0 —n € (0,0), dvi/da < 0 and
dvs/da > 0.
Moreover, there exist § € (0,1) and 6 € (0,1) such that if 8 € (f,1) and
6 € (0,0), then W'(y) > 0.
Proof. See Appendix 7.4.

Focusing on Case 3 of this Corollary, the following figure shows how the
multiplicity of steady-states is affected by a variation of or. The curve A(y) —
Q(~) is going up when « increases. This illustrates the comparative statics for

the lower and higher BGPs ~; and ;.

A(y) = Q(7)

Figure 2: Multiplicity of steady-states and comparative statics.

We now briefly explain how we can understand the effect of o on these two
steady states. As we have seen previously, the coexistence of the two steady
states can be explained focusing on the intertemporal budget constraint of the
government. There is an excess of the tax revenue and debt emission with
respect to public spendings and debt reimbursement when  is either lower
than ~j or larger than 7;, whereas the opposite is true when ~ is between ~7
and ~;. To understand the effect of «, recall that any BGP is characterized by
R > ~ and the difference between debt reimbursement and debt emission per
unit of GDP is measured by o(R—+). We immediately conclude that following
any increase of the ratio of debt-to-GDP «, the regions with a surplus of public
funds shrink, meaning that +; goes down, while 75 goes up.

The comparative statics results of Corollary 1 provide quite different con-
clusions than the empirical results of Reinhart and Rogoff [22]. The relation-

ship between debt and the growth rate indeed strongly depends on both the
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level of the ratio of debt-to-GDP and the level of the tax rate. First, the
growth rate is always a decreasing function of the share of debt as a propor-
tion of GDP when this share is small enough. Second, for intermediary values
of a, multiple steady-states arise and the lower growth factor is negatively
affected by « while the higher one is positively affected. And third, above a
treshold level @, and when the tax rate is large enough, the unique long-run
growth rate becomes an increasing function of a. These results suggest a com-
plex relationship between debt and growth in line with the recent literature
surveyed by Panizza and Presbitero [20]. Moreover, they provide a theoretical
justification for the positive correlation exhibited by Minea and Parent [13]
with large enough debt-to-GDP ratios.

Our results then show that the negative impact of debt on growth as ex-
hibited by Reinhart and Rogoff [22] and some of the recent literature has to
be taken with caution. Above the threshold value o, when multiplicity holds,
they only get part of the story as they miss the second possible equilibrium
growth rate, which is an increasing function of «, and thus the possible strong
impact of agents’ expectations that select the long run equilibrium. As a re-
sult, they miss the fact that when the tax rate and the share of debt over
GDP are high enough, a quite large amount of public good can be financed
and increasing debt allows to boost even more the production process through
the productive externality. The growth factor increases as a result. The fact
that this positive impact is associated to a high enough tax rate can be linked
to the concept of “debt tolerance” formulated by Reinhart et al. [23] that
characterizes countries with strong fiscal structures, i.e. able to raise a large
amount of taxes (see also Collard et al. [4]-[5]).

Corollary 1 also shows that along a long-run balanced growth path, welfare
is an increasing function of the stationary growth factor «v. This holds whatever
the degree of the public good externality in the utility. We then exhibit a first
important trade-off associated with self-fulfilling expectations. We show indeed
that depending on the long-run equilibrium selected by agents’ expectations,
increasing the share of debt as a proportion of GDP may have a positive or a

negative impact on both the growth rate and welfare.
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4 Effect of debt in the short run: Sunspot fluc-

tuations and global indeterminacy

Focusing on the stability properties of the steady-states, we analyse now
whether the ratio of debt-to-GDP is destabilizing, through the occurrence of
local indeterminacy and sunspot equilibria. As we have seen, two steady-states
may coexist. Hence, in order to simplify the local stability analysis and to fo-

cus on a precise steady-state, we first provide a normalization procedure of a

BGP.

4.1 A normalized steady-state

In order to get long run positive growth, we want to focus on the existence
of a steady-state value of v which is larger than 1. To simplify this analysis,
we use the constant A to get the existence of a normalized steady-state v* >
1. This procedure is useful to ensure that +* remains invariant with respect
to parameters’ changes, in particular the share a of debt over GDP. This
invariance will allow us to provide a bifurcation analysis in order to study how
the dynamical properties of the steady-state are affected when « is modified.
As shown in the following Proposition, this property is obtained by choosing

adequately the value of A that will adjust accordingly to keep v* constant.

Proposition 3. Under Assumption 1, let 0 —n < 3. Then there exists v €
[1, Yeup) such that any given value v* € (7, Veup) 5 an admissible invariant
solution of equation (13) if and only if o € (0, Aprar) and A = A* with

{w*”’uml—é)r

-~

(> A)  (19)

Bs(1—7)

O Mooz = m(> (/)Z) and A* = [T_a’w(%_l)]l,

Proof. See Appendix 7.5.

We may then easily characterize the stability properties of the normalized
steady-state by linearizing the dynamic system (11) around the steady-state
(z*,v*) with z* as given by (12).

Lemma 2. Under Assumption 1, let 6 —n < 5, A = A*, a € (0, aprar) and
Y € (7, Ysup)- The characteristic polynomial is given by P (\) = N—TX\D =

0, where:
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_ (6=n)d* (o) Ba(a) Bi(a)d* (o) _
D= <1 T e ) s T oo =D (@) (20)
_ (0—n)d*(e) | [Bi(a)+Bs]d*(a) Ba(a) _
T =1+ zv* += GV*(IES) - cw*Q(I*S) =T(a)
with
(@) = (S -ty (B - )] +1-0-5720
*0—m _ -5 ¥ *0—n—1
Bi(a) = n_d*(za) (V BZ(lé(Tl) )) [1_S_T+O‘7 (7 Bn _1>]

*0—n—1

*O0—m __ _
By(a) = s¢+oz*y*<1—57 3 )—l—a(l—s)%@ﬁ(l‘s)>0

By = (1—g)X 28020

,Y*G—n

Proof. See Appendix 7.6.

As explained at the end of Section 2, our dynamical system (11) has no
predetermined variable. Therefore, local determinacy is obtained if the steady-
state is totally unstable (a source). In this case, there is no transitional dy-
namics and the equilibrium jumps on the steady-state from date 0. On the
contrary, when the steady-state is either a saddle-point or totally stable (a
sink), there is local indeterminacy with the existence of a continuum of equi-
librium paths. As a result, sunspot fluctuations also occur.

We show now that the stability properties of the normalized steady-state
crucially depend on the value of the ratio of debt-to-GDP.

Proposition 4. Under Assumption 1, let 6 —n < 5, A = A* and v* €
(% Ysup)- Then there exist 6 € (0,1), B € (0,1), @ € (0, araz) and © € (0, 3)
such that if § € (0,9), B € (3,1) and §—n € (0,0), the normalized steady-state

*

v*is:
i) a source, i.e. locally determinate, when a € (0, @),

it) a saddle-point, i.e. locally indeterminate when o € (&, pray)-

Proof. See Appendix 7.7.

When the share of debt over GDP is large enough, the local indeterminacy
of the steady-state implies that there exist expectation-driven fluctuations.
While Corollary 1 showed that a higher level of debt over GDP may foster
the long run growth rate, this result exhibits a negative impact based on the

fact that, over a precise threshold, public debt has a destabilizing role on
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the economy and leads to the existence of fluctuations based on self-fulfilling
prophecies. As a result, debt may generate endogenous recessions associated to
recurrent decreases of growth with the possible occurrence of negative growth
rates. Note also that our results are in line with Sutherland et al. [25] since
large debt fosters macroeconomic instability.

It is worth mentioning that Proposition 4 provides quite different conclu-
sions than models without public debt like Cazzavillan [3]. The assumption
0 —n > 0 implies that the homogeneity of the utility function is lower than
one and restricts our attention to a weak public good externality in the utility
function. Proposition 4 shows that local indeterminacy may arise when the
share of debt over GDP is large enough, even without externality in utility
(n = 0). On the contrary, Cazzavillan [3] proves that local indeterminacy re-
quires a sufficiently large externality in utility, i.e. a degree of homogeneity
larger than one. This confirms that the existence of sunspot fluctuations is
here fundamentally derived from a large enough debt. Moreover, contrary to
the conclusions of Minea and Villieu [15], considering the debt-to-GDP ratio
as a policy instrument does not necessarily preclude the indeterminacy of the
BGP.

4.2 A second steady-state

We have shown in Proposition 3 that the normalized steady-state is obtained
if @ € (0, apr4,) and A = A*, with ape, > @ and A* > A. Following case
2 in Proposition 2, a second admissible steady-state may arise depending on
the value of a. Although some general conditions for the existence of a second
steady-state have been stated in Proposition 2, we need here to complete these
conditions as we start from the existence of a normalized steady-state that
remains constant for any a € [0, apzq.). We now locate precisely the second
steady-state 7 with respect to v* and 1. The configuration with ¥ < 1 is clearly

associated to endogenous recession. We derive the following Proposition:

Proposition 5. Under Assumption 1, let 6 —n < B, A = A* and v* €
(7 Ysup)-  Then there exist & € (&, praz), @ € (0,&) and oy € (@, &) such
that when o € (a, &), there is a second admissible steady-state ¥ € (Vinf, Vsup)

which satisfies:
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i) ¥ € (V" Ysup) when a € (a, @),
it) ¥ € (1,7*) when o € (@, ),
iii) ¥ € (Ving, 1) when a € (oq, &).

Proof. See Appendix 7.8.

Proposition 5 then shows, in accordance with Proposition 2, that there exist
two admissible steady-states as long as the share « of public debt over GDP
is large enough but not too big. Moreover, when « is too low, the second
steady-state ¥ is not admissible as it is larger than vg,,.

Considering Proposition 4, we immediately derive the following conclusion:

Corollary 2. Under Assumption 1, let 6 —n < , A = A*, v* € (7, Yowp),
§€(0,9), B€(B,1) and 0 —n € (0,0). Then the normalized steady-state v*

is globally determinate if and only if o € [0, ).

As a < @, the normalized steady-state v* is indeed unique and locally deter-
minate when a € [0,a). This result is again in line with Sutherland et al.
[25] since low debt prevents the occurrence of business cycles. However, as a
increases from «, 7 becomes admissible with 4 > ~4* until « = & and v = ~*.
If a increases again, then 5 < ~4* until a becomes too large so that 7 is no
longer admissible as it is lower than ;.

As we have normalized the steady-state v* which exists and remains con-
stant for any « € [0, aprqez), we may immediately derive the local stability

properties of the second steady-state 7:

Corollary 3. Under Assumption 1, let A = A*, v* € (V,%swp), B € (5,1),
§ € (0,0) and § —n € (0,0). Then the second admissible steady-state 7 €
(Yinfs Vsup) 18-

i) a saddle-point, i.e. locally indeterminate if o € (a, @),

i1) a source, i.e. locally determinate, if a € (@, &).

It follows that when a € (a, &), global indeterminacy arises.

Propositions 4 and 5 together with Corollary 3 show that the ratio of debt-
to-GDP has a strong impact on the stability properties of the equilibrium,
in particular when multiple balanced growth paths occur. In this case (o >

«), we exhibit an important trade-off as the largest steady-state is always

19



locally indeterminate, i.e. characterized by expectation-driven fluctuations,
while the lowest steady-state is always locally determinate. The larger the
ratio of debt-to-GDP is, the lower the locally determinate steady-state. It can
even be less than one, i.e. characterized by an economic recession. Because of
multiplicity, there is also a global indeterminacy suggesting that depending on
agents’ expectations, the actual equilibrium may converge towards the lowest
or the highest growth factor, eventually with large fluctuations. As we know
from Corollary 1 that the indeterminate steady state has the highest welfare,
global indeterminacy can have strong implications in terms of welfare loss if
agents coordinate their expectations on the lowest growth factor.

These results, that put a strong emphasis on self-fulfilling prophecies, rein-
force the consistency of our analysis, already highlighted in the previous sec-
tion, with the empirical facts exhibited by the recent literature. As shown by
Sutherland et al. [25], increasing the ratio of debt-to-GDP affects the business
cycle of countries leading to the existence of expectation-driven fluctuations.
Depending on agents’ beliefs, the impact on growth can be negative in the
short or longer term through the possible occurrence of recessions. Moreover,
as suggested by Panizza and Presbitero [20], there exist some non-linear and
threshold effects associated to the existence of multiple equilibria and global
indeterminacy. Finally, the existence of self-fulfilling prophecies can explain
the fact that while some countries have a potential maximal sustainable debt
ratio higher than their actual one, their perceived default risk can increase

dramatically without any fundamental reason (see Collard et al. [4]-[5]).

4.3 Economic interpretations

To provide an intuition for these results, we recall that local indeterminacy
means that several dynamic paths converge to a BGP and the selection of
one dynamic path depends on agents’ expectations. In other words, a way of
providing an intuition for local indeterminacy of the largest BGP is to explain
whether expectations may be self-fulfilling.

Let us consider the intertemporal budget constraint of the government and
assume that the households expect a larger growth factor at the next period.
According to the constraint on debt, they expect a larger level of future debt

emission. This broader funding opportunity may be used to either reimburse
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the cost of debt or enhance productive public spendings. At this stage, we
note that, especially for § —n low enough, the larger the growth rate, the lower
the difference between R and -, as measured by 4%~"/8 — ~. We derive that
along a BGP with a high enough level of growth, the difference between the
cost of debt reimbursement and debt emission as measured by R — « is lower,
meaning that a larger share of government revenue is devoted to productive
public spendings. This raises the ratio G/k, which leads to an increase of the
interest rate r. Since growth comes from a Barro-type [1] formulation, current
growth raises. Therefore, a higher expected growth rate induces larger current
growth, meaning that expectations are self-fulfilling.

It is important to note that this does not happen if one focuses on a BGP
with a too low growth factor. Indeed, in such a case, a too large share of taxa-
tion and debt emission is used to debt reimbursement, rather than to improve
the level of productive public spending. Finally, our mechanism requires a
sufficiently large ratio of public debt-to-GDP. This allows public spendings to
strongly depend on the expected level of production. Otherwise, expectations

would not sufficiently affect current public spendings and growth.

5 A simple calibration on OECD countries

Let us now confront our theoretical conclusions to the recent experiences of
OECD countries with a simple numerical exercise. Using a standard calibration
consistent with quarterly data, we assume that (6, 3) = (0.025,0.98). Following
Gruber [11], Mulligan [16], Vissing-Jorgensen and Attanasio [26] who provide
estimates for the elasticity of intertemporal substitution in consumption larger
than unity and smaller than 2, we assume that § = 0.54. Concerning the size
n of the public good externality into the utility function there is of course no
direct empirical evidence. However, Ni [17] provides some estimations of the
substitutability of government purchases for private consumption that support
the interval n € (0.22,0.44). We will consider in the following n = 0.4 so that
0 —n = 0.14. With these values, the maximum admissible growth factor is
Voup ~ 1.02377.

The following Table provides numbers in 2014 for the fiscal pressure 7, the

share of capital income into GDP s and the share of gross debt into GDP «.
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Concerning the growth factor of GDP, as v* is the long-run value, we consider
the average over 2010 — 2014 for the main OECD countries in order to avoid

the recession that occurred in 2009.%

Countries T S « Y10-14
(% of GDP) (% of GDP)  (average 2010-14)
France 45.3 0.31 95 1.0104
Germany 37.6 0.31 4.7 1.0196
Greece 33.8 0.4 177.1 0.952
[reland 28.3 0.43 109.7 1.0144
Italy 44 .4 0.31 132.1 0.9948
Japan 28.6 0.4 230 1.0152
Portugal 32.5 0.36 130.2 0.9908
Spain 32.9 0.39 97.7 0.995
UK 35.2 0.3 89.4 1.0174
US 24.3 0.36 101.5 1.022

Table 1: Main statistics in 2014 (Source: Eurostat and OECD)

As can be seen, there are huge variations of the fiscal pressure 7 and the
ratio of debt-to-GDP « across countries. Also, while the share of capital income
into GDP is most commonly fixed at 0.3, there are quite large differences across
countries with a value often larger than 0.3. For each illustration we will use
the parameters’ values of the country we want to focus on. Note that four
countries are characterized on average by a recession over the last five years.

The numbers of Table 1 implies for all countries that the normalized steady
state 7* corresponds to the higher BGP. Depending on the value of the share
a, there is thus the possibility of a second BGP lower than v*. Indeed, the

critical values for the share o are provided in the following Table:

8The critical bound apzq. reaches unrealistically large values (larger than 20). In practice

we focus on some interval « € [0,3) to be able to cover the case of Japan.
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Countries o a a aq &
(% of GDP) (% of GDP) (% of GDP) (% of GDP) (% of GDP)

France 95 69.1 70.3 71.3 179
Germany 4.7 56.7 o7 58.5 148.8
Greece 177.1 81 86.6 82.7 133.8
Ireland 109.7 71.8 72.4 73.3 112
Italy 132.1 69.2 71.8 71.3 175.8
Japan 230 64.2 64.7 65.7 113
Portugal 130.2 63.4 65.8 65 128
Spain 97.7 72.3 74.4 74 130
UK 89.4 50.8 51.2 52.4 139
US 101.5 45.7 45.8 47 96.2

Table 2: Critical values of «

This Table immediately shows that depending on whether o € (@, &) or a > @,
the OECD countries can be splited into two sets: a first one in which there
exists a second negative long run growth rate, i.e. associated to an endogenous
recession, and a second set in which the normalized growth rate the unique
admissible steady state. The first set is composed of France, Germany, Ireland,
Italy, Spain and UK while the second set contains Greece, Japan, Portugal
and the US. Moreover, in each of these two sets, we can define two sub-sets
depending on whether the normalized growth rate is positive or negative.

As a first illustration consider the case of France with a quite strong fiscal
pressure corresponding to 7 = 0.453. We choose a normalized steady-state
v* = 1.0104. As a € (o, @), we conclude that v* is locally indeterminate
and that global indeterminacy also arises as there exists a second steady-state
7 = 0.8342 corresponding to a recession which is saddle-point stable. Our
results then show that there are quite large fluctuations associated to self-
fulfilling believes that can be related to the recent macroeconomic instability
observed in France over the last five years. This suggests also that depending
on the expectations of agents, there is a possibility of a large recession if there is
a coordination on the low steady-state. Very similar conclusions are obtained
for Germany, with v* = 1.0196 and v = 0.854, Ireland, with ~* = 1.0144
and ¥ = 0.7247, or UK, with v* = 1.0174 and 4 = 0.762, suggesting that
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even though the ratio of debt-to-GDP is much smaller, the possible occurrence
of a strong recession is not ruled-out. It is worth noting that this recession
can be stronger for Ireland and UK than for France or Germany as their
second growth factor is significantly lower. It is also interesting to remark
that for France and Ireland, a decrease of their debt ratio in order to meet the
Maastricht constraint would be enough to ensure a@ < o and thus to guarantee
the uniqueness of the long-run growth equilibrium without any fluctuations.
For Germany and UK, it would be necessary to satisfy a slightly stronger
constraint than the one imposed by Maastricht. It is finally important to note
that, although their macroeconomic indicators are quite different, in particular
concerning the unemployment rate, France and Germany, and more generally
all the countries of this sub-set, face a similar risk of important recession due
to a too large debt.

Spain, with v* = 0.995 and 4 = 0.797, and Italy, with v* = 0.9948 and
4 = 0.741, are also in a similar configuration except that both steady states
are lower than one. As the normalized BGP is lower than 1, we have a > aj.
We get a € (@, &) leading to a local indeterminacy for v*, determinacy for %
and thus the existence of global indeterminacy with the possibility of a strong
recession if there is a coordination on the low steady-state. But here, short-
run fluctuations are also characterized by some strong instability due to the
high occurrence of recessions and booms. The configuration is more difficult
than for the first sub-set of countries since recessions are here more frequent,
but again, a significant decrease of their debt would allow these countries to
improve a lot their situation: lowering the debt-to-GDP ratio around 70 —71%
for Ttaly (thus a decrease of 45%) and 73% for Spain (thus a decrease of 25%)
would increase the lower equilibrium growth factor up to a value significantly
larger than 1 and would allow an eventual coordination of expectations on this
growth equilibrium. Moreover, meeting the Maastricht constraint would allow
both countries to stabilize their economy.

Consider now the case of the US. We focus on the average value v* = 1.022.
Contrary to France, as the share of debt over GDP « is larger than & there is a
unique steady-state which is locally indeterminate. There are still expectation-
driven fluctuations but the possibility of a strong recession is ruled-out as there

is no global indeterminacy. Similar conclusions are obtained for Japan with
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~v* = 1.0152. It is worth noting that both countries would need to do strong
efforts of debt reduction in order to eliminate all possibility of macroeconomic
instability: a decrease of more than 50% for the US and around 75% for Japan.

In the case of Greece with v* = 0.9523, we find as in the US that a > &
and the unique steady-state v* is locally indeterminate with expectation-driven
fluctuations but in this case this is related to instability into a strong recession.
The same kind of configuration occurs with Portugal which is characterized by
~v* =0.9908 and a > &, but with the possibility of growth factors larger than
1 during some quarters, as this was the case of the last few years. For both
countries, a significant reduction of their debt would allow them to improve
a lot their situation: decreasing the debt-to-GDP ratio by a half driving it to
around 82% for Greece and 64% for Portugal would lead to the existence of
a second equilibrium growth factor significantly larger than 1. The existence
of large fluctuations would not be ruled out but the occurrence of optimistic
expectations could allow a coordination of the high growth equilibrium. More-
over, here again, meeting the Maastricht constraint would allow both countries

to stabilize completely their economy.

6 Conclusion

In this paper, we have considered a simple Barro-type [1] endogenous growth
model where public spending is financed through taxes on income and public
debt, and is useful because it improves households’ utility of consumption and
production as externalities. The ratio of debt over GDP is fixed and is used as
a policy parameter by the government as recently in many European countries.

We have proved that when debt is a large enough proportion of GDP,
two distinct BGPs may co-exist, one being indeterminate. We have exhibited
two types of important trade-off associated with self-fulfilling expectations.
First, we have shown that the lowest BGP is always a decreasing function of
the ratio of debt/GDP while the highest one is an increasing function. As a
result, depending on the BGP selected by agents’ expectations, the relationship
between debt and growth is not necessarily negative.

Second, local and global indeterminacy may arise and self-fulfilling expec-

tations appear as a crucial ingredient to understand the impact of debt on
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growth and on macroeconomic fluctuations. There is clearly a trade-off be-
tween welfare and macroeconomic fluctuations: the highest BGP, which pro-
vides the highest welfare, is always locally indeterminate while the lowest is
always locally determinate. Our results then show non-trivial effects of debt
on growth and macroeconomic fluctuations. Depending on the expectations
of agents, large fluctuations associated to self-fulfilling believes may occur and
be associated at the same time with welfare losses if there is a coordination on
the low steady-state.

Our paper then provides a theoretical analysis that improves our under-
standing of the complex non-linear and threshold effects between public debt,
growth and macroeconomic fluctuations. We have also discussed the impli-
cations of our findings for the main OECD countries considering numerical
illustrations based on realistic calibrations for the size of debt, the growth rate
and the main fundamentals. We have shown that the existence of multiple
equilibria and global indeterminacy can provide a basis for understanding the
recent experiences of many OECD countries relating the occurrence of endoge-

nous recessions and macroeconomic instability to self-fulfilling expectations.

7 Appendix

7.1 Proof of Lemma 1

Substituting (12) in d(v), we get:

(9 0
d(~) = BZ(lB(i 8) [7 ﬁ,:sf 1T)6)] +1-6—~ (21)
We derive that d(yins) =1—0 — [5(1 — )] > 0. Moreover,

FIT1—(1-9) 1 (s —mg)
Avsup) = =) [1_ At ( S(0=7) )

if and only if A > A;(7), with

s(1 — 7')] >0 (22)

— [5%737—1,(1,5)15 23
A1<T> = [8(1_7_)}3[1_8(1_7_)]1_5 ( )

Note that Aj(7) > 0. Since 7 < 1 —s, we get A;(1 —s) > Ay(7) for any
7 <1—s with

1
S _as) _ ¢ 24
A(1—s) = S[Qﬁs[(lis)(lg—s)}l)]*s Ay (24)
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Computing now the first and second derivatives of d(), we get:

0—n—1 0—n _ 1—6 i
dl(W/) = (9 - n)gs(lin—r) |:1 - : <'7 ﬁs(lﬁ_(r) )> :| -1

1
(1—s)AT=s

S

0—n—2 0—n _ _ 1—s
() = (6=m—n—1)F7 [1—( L (L) } (25)

1-s)AT=s

2 2s5—1
g2 (2 s 7*1-B(1-6) | 1=
<9 77) (55(1*7)> (1_5)214% ( Bs(1-7) )

Since § —n < 1, we easily derive that d”(y) < 0 for all v € (Yins, Ysup) if the

term between brackets on the first line of the expression of d”(v) is positive.
As this term is a decreasing function of v we conclude that it is positive for
all v € (Yinf, Vsup) if it is positive when evaluated at vs,,. This is obtained if
A > Ay(7), with

1
R € S|
A2<T> = [sOA=nF(1=s)— (26)
Since 7 < 1 — s, we get As(1 —s) > Ay(7) for any 7 < 1 — s with
1 ~
Ay(1—s) = B0 = (27)

and 121\2 > ;1\1. Let ;1\2 — A. We conclude that if A > /Al, then d”(y) < 0 for
all v € (Ying, Ysup)- Therefore, the concavity of d(y) over (Vinf, Vsup) together
with d(vins) > 0 and d(7s,) > 0 ensure that when A > A, d(7) > 0 for all
Y € (Vings Ysup) and all 7 < 1 — s. O

7.2 Proof of Proposition 1

When a = 0, we derive from equation (13) that () = 7 is constant and

_ 1 (2r-80-8)\ T
A0 =% (Trts?)

is increasing from A(7;,7) = 0 to

1 s
_ 1 |pFrioges
A(Ysup) = % [A(f(r))]

There exists a unique steady-state v* € (Vinf, Vsup) if and only if the in-

equality A(vysyp) > 7 is satisfied, i.e.

s

o >7(1—7)1s = (1) (28)

1 69—717—1 —(1-6)
A As

©(7) is increasing for all 7 < 1—s, and reaches its maximum value for 7 = 1—s,

meaning that o(7) < ¢(1 — s) = (1 — s)sTs. Since we need to assume A > A
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in order to ensure d(vy) > 0, where Ais given by (27), it follows that inequality
cannot hold when 7 =1 — 5. As it obviously holds when 7 = 0, we conclude
that there exists 7 € (0,1 — s) such that A(vs,) > 7 for 7 € (0,7), whereas
A(Ysup) < 7 for 7 € (7,1 — s). O

7.3 Proof of Proposition 2

By direct inspection of equation (13), we see that Q(~) is linearly increasing
in 7, with (v) = a > 0, and

2s—1
/ —_(p_ 6—n—1 s [OTm—pa-s) 1-s @ 29
A'(y) = (6 —n)y T oS T 8| >0 (29)

Using s € (0,1/2), we also easily derive that A(v) is concave, i.e. A”(v) < 0.
Since A(Yins) = a(1 —=0) and Q(ynr) = 7+ [B(1 — 5)]ﬁ, we have A(7v,r) <
(>)Q(Yinys) if and only if o < (>)a, with:

— (30)
1-5-[3(1-8)] 7

a

Similarly, using

S

ﬁ_ -~ 1—s 1
A(’Ysup) = % |:B ;1]3(175—1) 6):| + aBQﬂFI

and Q(ysup) =7 + aﬁ"*}z*l, we get A(Vsup) > QVsup) if and only if:

s

- >7(1—7)1s = (1) (31)

L [T —as)
A As

Using the same argument as in the proof of Proposition 1, we conclude that
when A > A, there exists 7 € (0,1 — s) such that A(7Vsyp) > Q(7sup) for
7 € (0,7), whereas A(Vsup) < Q(Vsup) for 7 € (7,1 — ).

We can then prove case 1 of the Proposition. Assume first that a < a,
ie. A(Ying) < Q(ving)- The existence of a unique steady-state v* € (Vinf, Ysup)
is ensured if A(vep) > Q7)) e if A > Aand 7 € (0,7). Assume now
that @ > @, i.e. A(Yiny) > Q(7ins). The existence of a unique steady-state
V€ (Ying, Youp) 18 ensured if A(Youp) < Q(Ysup) L6 if A > Aand 7 € (7,1—5).

Let us finally focus on case 2 where a < @, i.e. A(Vins) < QVins), and
A > A with 7 € (7,1 —s), ie. A(Youp) < QVsup). There are two steady-
states if there exists ¥ € (Vinf, Vsup) defined by A'(F) = '(7) that satisfies
A7) > Q7). The equality A’'(y) = /() is equivalent to
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25—1
_ 0—n—1g 9777_5(1_5) 1—s 1 . .
g(v) = (0 - ?7)%,4(1_5) <75As(1—T) ) A ¢ [1 — (0 —n)2 3 } = h(y)

Note that ¢'(y) < 0 and A'(y) > 0. Moreover, we have

0—n—1
9(Ving) = +00 > h(Vins) = @ [1 —(6— ")W]

Similarly, we have h(vsu,) = a[l — (6 —n)] and

. 1—s
s T—n—1_(1—§
9(Yeu) = (0 = 1) (5 = ’) P

_1

(1—s)AT=s
Since A > E, we get s
g(’ysuz)) < iin)
BI=1=1 —(1-5)

Therefore, we get g(Vsup) < A(Vsup) if
— U < afl— (0 — )]
BT=1T — (1)

or equivalently (0—n)s

o > 1
k?ﬂ?f—u—&}u—w—m}

=a

It follows that there exists © € (0,1) such that o < @ if § — 5 € (0, 0).

Let us then assume that 0 — 5 € (0,0) and a € (a,a). We know that
there exists 7 € (Vinf, Vsup) such that A’(¥) = Q'(7). We need finally to show
that A7) > Q7). When a = a we get A'(7sup) = ' (7sup) and there is no
steady-state. When a = @, we get A(ing) = QVing) and A(Ysup) < Q(Vsup)-
In this case there exists two steady-states but the lower one is equal to 7.
Therefore, since OA(7y)/da— () /0a = ~1/B—~ > 0, it follows that there
exists a unique « € (a, @) such that there are two steady-states 7 and ~; for

7.4 Proof of Corollary 1

To determine the comparative statics of each type of steady-state with respect

to a, we differentiate equation (13) to get:

dy* _ 0A(y")/9a—09(y")/0c (32)

do Y (y*)—=A (v*)

Since A(7)/0a — ON(y)/0a = 77" /B — ~v > 0, the sign of dy*/da is given
by the sign of Q'(v*) — A’(y*), i.e. the difference between the slopes of (v)

and A(v) evaluated at each steady-state. Using Proposition 2, we easily derive
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that dy*/da < 0 in case 1(a), dy*/da > 0 in case 1(b), and dvyj/da < 0 and
dvy/da > 0 in case 3(b).
Consider now the expression of W (~) as given by (18). We get:

B0 g =0 (1=0)d’ (V) +nd(v) 2 | [ 1=y == | +[1—(0—n)] By~ O~ d(y)
W'(y) = ko 19@) " [ m“ ]

[1_571 (06— n)]
with
’ o 6 n—1 . 1 7@_"—6(1—6) ﬁ -
d'(y) = (0 —ngas [1 o S)Aﬁ ( Bs0-7) ) ] !
/ _ 1 7*71—B(1-8) i
T = (1-s)ATSS < Bs(1—7) ) (6 =)= >0
so that

, B0 a()~0a()7 A=) () [1-871~ O~ H{1-(0-n)]8r~ O =Pd(3)
W'(v) > -0 [1—y1- (- n)]
We have shown in the proof of Lemma 1 that when A > A, d'(y) is a monotone
decreasing function with d'(Yins) > d'(7) > d'(Ysup)- It follows that

Y 0 L e (e
W(f}/) > 0 1-6 [1 Gyi—(0— 71)]2

with
. lis
/ — (-m) _ 1 Bo—1-(1-9) 1= _
d (VSup> - s(1-7) [1 (1—5)A115 ( s(1—7) ) ] 1= \I,(/Bu 5) 1
and W(3,0) > 0. Let us denote

f() = (1=0)d (yeup) [L = By O] +[1— (0 — )]y "d(v)
Using v € (Yins, Vsup), assume first that d'(ysy,) > 0. We derive

1) > (0= 0) [d ) (1= B38a"7) + By d(3)

> (1-60)70 >0
for any v € (Vinf, Ysup)- Assume now that d'(7ysy,) < 0. We derive
f(y) > (1-0) [d/(%up) <1 — 57”#0 n)) +6%up n)d( )}

1— ( n) 17(9*77)

> (1= 0){w(B,0) (1- 875 (1-0) 5" ) =1+ 573 (1 - 6)

+ Bmd(v)}
When g =1 and § = 0, we get
f(y) > (1 =0)d(~) >0
Therefore, there exist 3 € (0,1) and § € (0,1) such that if g € (B, 1) and
5 € (0,0), then f(7) > 0 for any v € (Yiny, Ysup). The result follows. O
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7.5 Proof of Proposition 3

A stationary solution v* € (1, 7s,,) satisfies equation (13) if

o) = (M) AT = [ e (5 )] =0 @

This equation can hold only if o < apq,, With:

T

OMaz = m (34)

B
Note that if v* = 7;,¢ then apz, = @. Moreover, as v* > 1, straightforward
computations show that if § —n < 3, ar, is an increasing function of v*. It
follows that for any v* € (1, Vsup), Qrraz > Q.

Let us then assume that 0 —n < § and a < apq,. There is a unique
A = A* solving equation (33), where A* is given by (19). We immediately see

that lim, ., , A* =0, whereas

{5ﬁ7(175)r

55(1,7—)57—175 = Ysup

(35)

. _
hm'Y_VYsup A -

Since for any 7 < 1 — s we have A7 =~ > 121\, we conclude that there exists
¥ € (Vings Ysup) such that when v* € (¥, vsup), A* > A. Let us then denote
7 = max{1,%} and let us choose v* € (7, ¥sup) for which A* > A. Since A > A,
it follows from Lemma 1 that d(y*) > 0. O

7.6 Proof of Lemma 2

Linearizing the dynamic system (11) around the normalized steady-state, we

obtain:
Fa S+ Bu0) + B 2 = [0 — 0+ 5] 5 4 Bua) 2
with

d*(a) = (%) [1 —T+ay* (7*9;}71 — 1)} +1-=0—79>0

*0—n__ _5 % *@—n—1
Bl(a) = 77_d*?a) (A{ BS(lé(Tl) )) [1—5—7‘+0z’y (PY 5n _1>]

(36)
By(a) = st+ay (1-s257) +a(l - 5) T 200
By = (1-s)T—220= 5
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Note that By(a) can also be written as

0—n

B

Bz(a):STM[y*—<1—s)<1—5)+<1—25)v* ] >0

We then derive the following linear system

A4 AN
v — v*
Az J Axy
x* x*
with

(0—m)d* (@) | [Bi()+Bs]d"(a) Bi()d*(e) _ Ba()[Bi(x)+Bs]d*(a)
J = ( L+ 0= + 0y (1—s) Oy* Oay*2(1—s) )

Ba(a)
ay*(1-s)

1
T 1=s
Since T and D represent respectively the trace and the determinant of J, the

result follows after straightforward simplifications. (]

7.7 Proof of Proposition 4

To study the local stability properties of the normalized steady-state v*, we
need to establish two technical Lemmas. Consider indeed equation (13) with
A = A* that can be simplified as follows

" x0—n—1 0—n_p3(1—6 ﬁ
h(’%a) = |:T_O[7 <’\/ 5n - 1)] (,3*9777_%((1_5)))

S EEIC

We obviously get h(y*,a) = 0. The first Lemma characterizes the slope of

(37)

the function A(v,«) when v = ~*. In the following we denote h(v,a) =
Oh(,0) /0y and hy(, @) = Oh(y,a) /0o

Lemma 7.1. Assume that § —n < 3, A= A" and v* € (7, Vsup). Then there

exists & € (0, aprar) Such that

* > < _
MO"a)20 & aza (38)

Proof. Straightforward computations using the fact that h(y,a) = 0 along
a steady-state yields

7(60—n)s 0—n—1
hll(’%a) = (172) 7@_’177[3 1-9)

of [0 | oo (£ ) e )
70=n—pB(1-9)

Consider the term between braces multiplying «
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(6—=n)s
1—s

o) = [1= 0 -] = B = 8)] 901 (= - 1)
We get p(y) > 0 if
0= )

Under 0 —n < 5 we get [(0 — 77)/6]1%;—77) < 1. Since v* > 1, it follows that
Ry(v*, a) % 0 if and only if « § a with

yfmnt 0—n

B

<l & 7><

L’I)S*Gnl
1—s

[ —(0-n) ][7*9 n—pB(1— 5)] 0 — n(W*‘g;"_l )

Straightforward computatlons show that & < apyqq-

o =

~*0— 7] (0—m)s (39)

1—s

0]

The second technical Lemma provides a property of the discriminant of the

characteristic polynomial that applies for any a € [0, aprq40)-

Lemma 7.2. Assume that A = A* and v* € (7,7sup). Then there eist
© € (0,8), 6, € (0,1) and By € (0,1) such that when 6 —n € (0,0), § € (0,6;)
and B € (p1,1), both roots of the characteristic polynomial are real and positive

for any o € [0, Apraz)-

Proof. Let us first compute the discriminant of the characteristic polynomial.

Straightforward computations give

2
O @) | BB | B

A [” t = oas T ara s>]
~ O-n @) B | Bilalt')
4[(” ) H(1= )+97(18)]

Assume first that By(a) > 0. We then get By (a)d*(a)a + 0By(a) > 0 and
12

(0— n)d (@) | [Bi(a)+Bsld*(a) Ba(a)
A1+ T e e
_ (0—n)d* () Ba () Bi(a)d* ()
4(1+ Oy* )(av *(1- 8)+ Oy (1—- S))
[ (= n)d () | [Bs—Bi(a)]d*(e) _ _ Ba(a) | Bsd*(a) [ Bi(a)d* (a)a+6Bs ()
> _1 + + 0v*(1—s) ay*(1-s) | +49'y *(1—s) [ Oay*(1—s) ]
> 0

Assume now that B;(a) < 0. We then get

2
(0=n)d*(a) , [Bi(@)+Bald"(@) | _Bala) Ot @) _Bate
A > |:1 + G,Y* + 0'\/*(1—5) + oz'y*(l—s):| 4 <]' + > a’y*(l—s)
(0-n)d*(a) | [Bi(a)+Bald*(a) _ _Bafa) Ba(a) _|Bi()+Bald"(a)
> [1 R M ey cw*(I*S)] TS ery
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with
S 1 )| -9 200 0| (40)

d*(a)

0
Bl(a) + Bg = |:
Let us consider the term between brackets that is multiplied by 6. Obviously

this term is positive if and only if
A0 [1 — =11 — 7')} —pB(1l—=0)T>0
Since v < Ysup We get
1—y 131 —7)>1—-7>0
Moreover, since v > 7,y we get

e [1 — =11 — T)} -l =67 >p(1-0)(1—-1) [1 — 7*9_”_1ﬁ} >0
It follows therefore that

*O—m__ -5 «
R )| B(lfg 4 1-0—-79">0 (41)

for any v € (Ying, Ysup)-
Consider now equation (40) when 6 —n = 0. We get

e[%ﬁ:ﬁul—a—v*]+(d;<a><1—s>[1—ﬂ<1—6>1
d*(a

Bl(O[) + Bg =

with obviously

LAY 4 15— >0
Recalling that v > 7.y, it follows that By (a)+ Bs > 0 for any a € [0, aza,) as
v* € (7, Ysup)- Therefore, for any given v* € (7, Youp), there exists © € (0, ],
such that when § —n € (0,0), By(a) + By > 0 and thus A > 0 for any
a € [0, praz)-

Let us focus now on the sign of D(«) and T'(«) as given by (20). Since
Bi(a) + By > 0 and By(«) > 0 for any a € [0, aprqs), we immediately get
T(a) > 0 for any « € [0, aprqaz). To derive the sign of D(a), we need to study
the sign of By(«a)d*(a)a + 0By(a). Obvious computations give

*«0—m—1 *O0—m _ —
Bi(@)d*(a)a +0Bs(a) = —a2(0 — )y (L0 — 1) L2200

n 04{77 [,y* (v*‘);”l _ 1) _ (175)8(173)}

bt (1= ) - 2R

- (1 _ 5’7*9;”’1) — AU (1 - s)]] } }

-
+ OsT = ¢(«)
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The polynomial ¢(«) is concave with ¢(0) = 0s7 > 0 and lim,_, ¢(a) = —o0,
so that if ¢(apres) > 0, then ¢p(a) > 0 for any « € [0, apraq). When o = iy,

we derive from Lemma 2:

Clonar) = (TH2) +1-0-7" 20
B 0(1—s) *0—p(1-9)
Bl(aMaa:) - n - d*(OCMaz) (’Y ﬁs(l_T) ) (42)

*0—m _ _
By(anrez) = (1= 8)anran [ry* 4 %@5(15)]
so that
*0—mn__ o
¢(aMa$) = aMa${77 [W +1— S — ,Y*i|

= v*s(l—r)——”"@‘"“;“””+<1—5>[1—s<1—r>]}}

*0—

CE) _8(1_T)_w+(1—5)[1—8(1—7')]} }

s(1-7) | B8
Note first from (41) that

Second note that when 6§ = 0, the 1nequahty Characterlzlng ¢(aprar) becomes
0(1—s) *0-n[1—s(1-1)]
gb(aMax) > aMax{n |:ﬁs(1 ) +1- Y } + s(1—7) [1 -1 3 ] }

with , 1
*0—n1_g(1—7 —

1 - sl s g gt < (71_8?1_7)) !

Note then that

1
(%)m >Ysup & 1—s(l—7)< 6#—")

which is satisfied when § = 1. Therefore, there exists 6; € (0,1) and 5; € (0,1)

such that if 6 € (0,01), B € (B1,1) and 0 —n € (0,0), then ¢(aprar) > 0

and thus Bj(a)d*(a)a + 0By(a) > 0 for any a € [0, apqq). Under these

conditions, and since d*(«), Ba(«) > 0, it follows that D(«) is also positive for

any a € [0, apraz)- O

We may now study the local stability properties of v* € (v, Veup) With
a € (0, prq:). Consider the characteristic polynomial. Straightforward com-

putations from Lemma 2 give

P(1)= 555 [0 - (1-5 - 242) + By
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Considering (36), we get
2o ST *«0—n—1
i) e = s ()

- Ledped] (g - g get)

7*977]

(43)

which is clearly a monotone increasing function of a. So if there exists a
positive value of « for which this expression is equal to zero, that value must

be unique. Solving equation (43) equal to zero gives after simplifications

(0—mn)sT
(A—s)y

1 *0—n—1 1 *0—7773(175) *0—77,3(1,5)
(60=n) |:1_ 1—s (1_8W B >_'Y_*’Y B +7 ~*0=7

o =

T(f:n)s,y*e—n—l _
[ T [y i— 1) e (1) e “

with @ as given by Lemma 7.1 (see (39)). Therefore, since d*(a) > 0, we
conclude that P (1) % 0 if and only if a § a. We also get limy 1o, P(A) = +00.
Consider finally the expression of the trace 1" as given by (20) in Lemma 2.

Using the expressions given in (36), we compute

T (a) = d (a) [«/*Ln[1—5—5(6—77)}—5(1—6)(1—5)] _ or

Oy*(1—s) y*0=n a2y (1—s)

with

Vi) = (280 e (rnt
d*(a) = ( Bs(1—7) )'7 < 3 1) >0
Since 0 —n < 1, we get 1 —s—s(6 —n) > 1—2s. Moreover, s € (0,1/2) implies
1—s—s(0—mn)>0. As v* < Yeup, we derive
VOl —s—s(0 —m)] = BL-0)(1—>s)
< gr=it 1—5—5(9—7,)—/3%@—5)(1—5)]

We then conclude that when 8 = 1 and 6 = 0 the right-hand-side of this
equation is negative. Therefore there exist fy € (0,1) and d, € (0,1) such
that if 8 € (82,1) and 6 € (0,62), then T"(a) < 0. It follows that the minimal
value of T'(«v) is obtained when o = apzq,. From equation (34) in the proof of

Proposition 3 and using (42) we then derive:

_ (0—n)d* (apmax) [B1(a)+Bsld* (anraa) Ba(amaz)
T(aMa$) -2 = O~* + 0v* (1—s) + ey (1—s) 1

(O0—n)d* (araz) [B1(anras)+Bsld* (anas) | ¥077—B(1-5)
2% + Ov*(1—s) + v*p

We have shown in the proof of Lemma 7.2 that if § —n € (0, ©), then B;(a) +
By > 0. Therefore, T(a) > 2 for any a € [0, apq,). Let 6 = min{d, dy}
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and 8 = max{f, 52}. When 6 € (0,4), 8 € (8,1) and § —n € (0,0), we
conclude finally that for any o € [0, @), the normalized steady-state v* is
locally determinate (a source) as both characteristic roots are larger than one,

*

and for any a € (&, aprar), ¥* is locally indeterminate (a saddle-point) as one

root is less than one. ]

7.8 Proof of Proposition 5

We derive from equation (37) that when o = 0, the unique admissible steady-
state is 7*. On the contrary, as soon as o > 0, we get lim,_,  h(7, ) = —o0.
Since, when « € (0, @) we have h)(7*, ) > 0, there necessarily exists a second
solution 4 > +* of h(vy,a) = 0. When a = & we get 4 = v*. When a > a,

straightforward computations yield

hing,0) = = |7 = a (1= 6 = [B(1 = 8))77)|
and thus h(7i,r, o) < 0 if and only if

o< ——T— =& € (@, pag
1-6—[B(1—5)] =1 (& ata) (44)

Therefore, when a € (a,d), the second solution exists and satisfies 7 €
(Ving, 7). Note that (44) provides the same expression as the bound given
by (30).

We need now to check whether this second solution is admissible, i.e. if
d(¥) > 0. From Lemma 1, we know that, as long as ¥ € (Yins, Ysup), d(7) >
0. We then have to provide conditions on « to ensure that 4 € (Vins, Ysup)-
Let us consider equation (37). We have shown that h}(y*,a) # 0 and thus
Ry (7, ) # 0 as long as a # &. More precisely, we have

M(A,0) 20 & aZa (45)

Applying the Implicit Function Theorem, we conclude that ¥ = §(«) with
Y () = —=hh(¥, ) /Ry (7, ) and (&) = ~*. Straightforward computations
using the fact that h(y,a) = 0 along a steady-state yields

- 0—n_3(1—6 i

e = 2[1- (Z228)]
When o < & we have hj(v*,«) > 0 and thus h}(5,«) < 0 with v* < 7. It
follows that h4(5,a) < 0 and thus 7'(«) < 0. When o € (&, apra.) we have
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Ri(v*,a) < 0 and thus A} (7, ) > 0 with v* > 4. It follows that (5, a) > 0
and thus 7’(a) < 0. Therefore, for any o € (0,&) U (@, apez), F(@) is a
monotone decreasing function.

From this property, assuming # € (8,1), 6 € (0,6) and 6 —n € (8, s),
we finally conclude that there exist & € (0,&) and oy € (@, &) such that the
second steady-state exists and is admissible, i.e. such that ¥ € (Vins, Ysup), if
a € (a, &), and it satisfies:

-7 € (0 Yew) i a € (@, @),

-y e (1,9 ifa e (a,ar),

-5 € (Ving, 1) if @ € (ay, ).

Using equation (37), the bounds a € (0,a) and a; € (@, &) are respectively

solutions of h(vsup, @) = 0 and h(1, @) = 0, and are equal to

_Ss
69;n1 B(1-6) 1=s s
BI—1—T _p(1- =5
I e v -1 1-B(1-9) I=s
T T|:(’Y*9n_ﬂ(l_6)) 1}

Q: 5 alz

_6—m = *0—n—1 1-8(1-8) = 18
#0—n—1 go—n=1-p1-9) v*(” 71>( = ) -5
v _ 0 _ _
7 (5 1>( T (1-5) ’ TS ’

Note finally that A} (v*, «) and k) (9, a) have opposite sign and that this sign

changes as « crosses a. )
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